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TITl*E OF THE INVENTION 

IMAGE PROCESSING APPARATUS, IMAGE PROCESSING METHOD, PROGRAM, 

AND RECORDING MEDIUM 

5 

P A C KGROUNP OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an image 
10 processing method, and particularly refers to an image 

processing method suitably used for displaying change of a 
subject over time in medical images. 
Description of the Related Art 

[0002] As of recent, JIRA (Japan Industries Association 
15 of Radiological Systems) has set the MIPS (Medical Image 

Processing Systems) standards in accordance with DICOM 
(Digital Information and Communication in Medicine) which is 
an international standard regarding digitizing medical 
images, and accordingly, digitizing of medical images is 
20 making progress. 

[0003] In the medical image field, there is increased use 
of CAD (Computer Aided Diagnosis) for analyzing medical X- 
ray images, CT scan images, MRI images, and so forth, using 
computers. Especially noteworthy is time-difference CAD 
25 which yields the difference over time of images taken of the 
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same portion. 

[0004] With CAD which handles the difference over time, 
image analysis is performed for a pair of plain orbital 
radiography images of the chest taken at different points in 
5 time, for example. Portions in the images which are 

anatomically the same are found, either the current or the 
past image is deformed, and difference processing is 
performed on each pixel. 

[0005] The luminance value of the difference image 
10 obtained by such difference processing corresponds to the 

change in image signals in the current and past images. 
That is, in the event that there is no difference between 
the past image and current image, the difference value is 0, 
but in the event that there is some sort of change, there is 
15 a change in the luminance level corresponding to the change 

thereof . 

[0006] Figs. 22A through 22D illustrate an example of 
change in images signals for images taken of the same 
portion at different points in time. Signals of the past 
20 image and signals of the current image, and signals of the 

difference image obtained from these, are shown one- 
dimensionally . 

[0007] Fig. 22A shows past image signals with a generally 
smooth profile. On the other hand, the region A in Fig. 22B 
25 which is a current image shows signals indicating a shadow 
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which has appeared since. Subtracting the signals of the 
current image from the past image and generating difference 
image signals of the difference yields the profile shown in 
Fig. 22C. 

5 [0008] Fig. 22D is an example of a difference image of a 

chest X-ray image wherein such a change has occurred, with 
the region A having a low luminance corresponding to the 
newly- appeared shadow being shown. Displaying a difference 
image in this way allows changes which have occurred between 
10 the two images to be observed more readily, which is 

advantageous, since change over time can be more readily 
observed from the two images . 

[0009] However, it would be entirely mistaken to assume 
that shadows only increase or disappear from one image to 

15 another, and there are cases wherein one shadow will have 

increased while another has disappeared. That is to say, 
both appearance (or growth) and disappearance (or shrinking) 
of shadows may be consecutively ongoing processes, so with 
the above -described technique, there is the problem that the 

20 interpreter of the radiograms, i.e., the physician, must 

carefully observe any change in any of the images displayed 
in the difference image. 

[0010] Also, there is the problem that in the event that 
there is a great number of shadows displayed in the 
2 5 difference image, change in the shadows is more readily 
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overlooked, and moreover, with a great number of shadows, 
judging the overall progress becomes difficult. 
[0011] With radiograms, there are cases wherein whether 
high pixel values are displayed corresponding to high 
5 luminance or corresponding to low luminance, depending on 

the image generating apparatus. For example, with 
apparatuses wherein digital images are generated by directly 
or indirectly converting X-rays which have passed through 
the subject into electric signals, as with FPDs (Flat Panel 

10 Detectors) which have come into practical use in recent 

years, image data is generated as a positive image wherein 
the pixel values of regions with high X-ray transmissivity 
such as in the lung field are high, and the high pixel 
values are displayed corresponding to high luminance on the 

15 display. Thus, the values of the corresponding pixels in 

the lung field are great for chest X-rays, for example. On 
the other hand, normal radiograms are observed as negative 
images, so with image data wherein the X-ray film is 
digitized using a film scanner or the like, the values of 

20 the -corresponding pixels in the lung field are small. 

Accordingly, performing difference processing with both 
negatives and positives together means that the way the 
shadow is displayed is not always the same, and judgment 
becomes extremely difficult. 



25 
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SUMMARY OF THE INVENTION 

[0012] The present invention has been made in light of 
the above-described problems, and accordingly, it is an 
5 object thereof to perform difference image display such that 

observation of change in individual shadows can be made in 
an easy and sure manner even in the event that changes in 
shadows are occurring at multiple locations , and also to 
allow judgment of observation of the process to be made in 

10 an easy and sure manner. 

[0013] It is another object of the present invention to 
provide a method and apparatus for generating consistent 
difference images even when generating difference images 
from negative and positive images intermingled, and 

15 particularly to provide a method and apparatus capable of 

outputting difference images with consistency in the display 
format of shadows on the difference image. 

[0014] According to the present invention, the foregoing 
objects are attained by providing an image processing method 

20 comprising: an input step, of inputting at least two medical 

images taken at different points in time; a difference image 
generating step, of generating a difference image by 
positioning two medical images input in the input step and 
subjecting image signals at corresponding coordinate points 

25 to difference processing; a difference image storing step. 
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of storing the difference image generated in the difference 
image generating step in a storage medium; a reference 
difference value deciding step, of deciding a reference 
difference value in the difference image stored in the 
5 difference image storing step; a state selecting step, of 

allowing a user to select a state of shadow change to serve 
as an indicator of interpreting the difference image 
generated in the difference image generating step; a 
difference image processing step, of processing the 

10 difference image based on the reference difference value 

decided in the reference difference value deciding step and 
the state of shadow change selected in the state selecting 
step; and an output step, of outputting the difference image 
processed in the difference image processing step. 

15 [0015] Further, the foregoing objects are attained by 

providing an image processing method for generating a 
difference image from a first image and a second image, the 
method comprising: a control step, of deciding a gradient 
processing method such that shadow change regions are 

20 displayed in a predetermined manner based on image 

attributes of the first image and the second image; a 
gradient processing step, of performing predetermined 
gradient processing on the first image and/or the second 
image following the decision of the control step; and a 

25 computing step, of computing a difference image from the 
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first image and the second image processed in the gradient 
processing step. 

[0016] Further objects, features and advantages of the 
present invention will become apparent from the following 
5 description of the preferred embodiments with reference to 

the attached drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0017] The accompanying drawings, which are incorporated 

in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the 
descriptions, serve to explain the principle of the 
invention . 

15 [0018] Fig. 1 is a diagram illustrating a basic 

configuration of an image processing device according to a 
first embodiment of the present invention. 

[0019] Fig. 2 is a flowchart illustrating an example of 
detailed actions of the members of the image processing 

20 device according to the first embodiment of the present 

invention, i.e., the image processing method. 
[0020] Fig. 3 is a diagram illustrating a histogram of a 
difference image according to the first embodiment of the 
present invention . 

25 [0021] Fig. 4 is a diagram illustrating an example of a 
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monitor display made on a display unit with the first 
embodiment of the present invention. 

[0022] Figs. 5A through 5C are diagrams illustrating 
examples of gradient conversion properties for each mode 
5 according to the first embodiment of the present invention. 

[0023] Figs. 6A through 6C are diagrams illustrating 
examples of actual images displayed on the display unit with 
the first embodiment of the present invention. 
[0024] Fig. 7 is a diagram illustrating a basic 
10 configuration of an image processing device according to a 

second embodiment of the present invention. 

[0025] Fig. 8 is a flowchart illustrating an example of 
detailed actions of the members of the image processing 
device according to the second embodiment of the present 
15 invention, i.e., the image processing method. 

[0026] Fig. 9 is a flowchart illustrating even more 
detailed actions of an analysis unit according to the second 
embodiment of the present invention. 

[0027] Fig. 10 is a diagram illustrating an example of a 
20 monitor display made on a display unit with the second 

embodiment of the present invention. 

[0028] Figs. 11A and 11B are diagram illustrating an 
example of gradient conversion properties for each mode 
according to a third embodiment of the present invention. 
25 [0029] Fig. 12 is a block diagram illustrating the 
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configuration of a medical image processing apparatus 
according to a fourth embodiment of the present invention. 
[0030] Fig. 13 is a block diagram illustrating the 
internal configuration of the medical image processing 
5 apparatus according to the fourth embodiment of the present 

invention. 

[0031] Fig. 14 is a block diagram illustrating the 
functional configuration of the medical image processing 
apparatus according to the fourth embodiment of the present 
10 invention. 

[0032] Figs. 15A through 15C are diagrams for use in 
describing look-up table properties. 

[0033] Figs. 16A and 16B are diagrams for use in 
describing a combination of look-up tables. 
15 [0034] Fig. 17 is a diagram for use in describing shadow 

definitions in difference images. 

[0035] Fig. 18 is a flowchart for use in describing the 
actions of a positioning unit . 

[0036] Fig. 19 is an explanatory diagram of the change in 
20 profiles of image signals. 

[0037] Fig. 20 is a block diagram illustrating the 
functional configuration of a medical image processing 
apparatus according to a fifth embodiment of the present 
invention. 

25 [0038] Fig. 21 is a block diagram illustrating the 
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functional configuration of a modification of the fifth 
embodiment of the present invention. 

[0039] Figs. 22A through 2 2D are diagrams describing an 
example of change in images signals for images taken of the 
5 same portion at different points in time. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0040] The preferred embodiments of the present invention 
10 will be described in detail in accordance with the 

accompanying drawings . 
First Embodiment 

[0041] A first embodiment of the present invention will 
now be described with reference to the drawings. Fig. 1 is 
15 a diagram illustrating a basic configuration of an image 

processing device to which the first embodiment of the 
present invention will be applied. 

[0042] To begin with, the overall operations will be 
described. At least two images input to an image input unit 

20 1 are subjected to processing at a difference processing 

unit 2 # and a difference image is generated. The difference 
image is temporarily stored in a memory unit 3, subjected to 
necessary processing at a gradient conversion unit 4, and 
output for display on a display unit 5 . The display unit 5 

25 is a display device such as a high-resolution CRT monitor or 
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liquid crystal monitor or the like, where the physician 
performs the diagnosis. 

[0043] Also, in the following description, the pair of 
images serving as the basis for the difference processing 
5 are also stored in the memory unit 3 in the same way and 

output for display on the display unit 5 as appropriate, to 
be used for diagnosis along with .the difference image. 
[0044] Next, an example of the detailed operations of the 
members of the image processing apparatus according to the 
10 present embodiment, i.e., the image processing method, will 

be described based on the flowchart shown in Fig. 2. 
[Step S100] 

[0045] First, in step S100, a pair of images are output 
from the image input unit 1. In Fig. 1, the image input 

15 unit 1 is a device for inputting multiple images taken by an 

unshown image -taking device, and the pair of images to be 
supplied for difference processing are input from an 
external storage device such as a hard disk, for example. 
[0046] Now, while the present embodiment assumes that the 

20 pair of images to be subjected to difference processing are 

taken by a predetermined image- taking device at different 
points in time and stored beforehand, the present invention 
is not restricted to this arrangement. For example, an 
arrangement may be made wherein one of the images has 

25 already been taken and stored in an external storage device. 
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but the other image is input through the image input unit 1 
as soon as it is taken. Further, the image input unit 1 may 
be an interface device which inputs images stored in an 
external storage device connected via a network. 
5 [Steps S200 and S300] 

[0047] The pair of images input in step S100 are 
subjected to positioning and difference processing at the 
difference processing unit 2. This generates the difference 
image, which is stored in the memory unit 3. Regarding the 

10 details of the positioning and difference processing of the 

pair of images may be performed with a known technique, for 
example, the technique disclosed in Japanese Patent Laid- 
Open No. 7-37074, there entire disclosure of which is 
incorporated herein by reference. 

15 [0048] Specifically, the images are positioned by non- 

linear ly distorting one of the pair of digitized images , and 
performing subtraction between the one distorted image and 
the other undistorted image, thereby generating the 
difference image. 

20 [0049] With the present embodiment, the values indicating 

the change in shadow that has been generated are as such 
that the negative value corresponds to a case wherein the 
shadow has increased, and the positive value corresponds to 
a case wherein the shadow has disappeared. However, this 

25 relation is not indispensable for the present invention, and 
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the opposite may be used. 
[Step S400] 

[0050] A reference level deciding unit 6 analyzes the 
difference image stored in the memory 3, decides a reference 
5 level for the difference image, and stores this in (unshown) 

internal memory. The reference level is a value 
corresponding to the luminance of a pixel in a portion where 
there has been no change between the two images, and is 
normally 0 in difference images . 

10 [0051] However, in the event that there is a margin or an 

error in the positioning, or the image- taking conditions for 
the two images are not the same, such that there is a 
difference in the average luminance of the pair of images, 
the reference level may not be 0. Accordingly, with the 

15 present embodiment, the reference level is determined based 

on a histogram of the difference image. 

[0052] Fig. 3 is a diagram illustrating an example of a 
histogram of a difference image. In time-dif f erence 
processing, positioning is performed between two images, so 

20 the frequency of occurrence of a luminance level is the 

highest corresponding to portions with no change. 
Accordingly, the reference level deciding unit 6 obtains the 
luminance value Cs which has the highest frequency of 
occurrence in the histogram 30, and stores this luminance 

25 value Cs as the reference level Cs . 



[Step S500] 

[0053] A display mode selecting unit 7 allows the user to 
select by inputting what sort of shadow change is to be 
displayed at the time of displaying the difference image. 
While three types of shadow change, i.e., no change, 
increase in shadow, and disappearance of shadow, can be 
conceived, the user can select one of the following three 
display modes from the display mode selecting unit 7. (As 
used herein, "disappearance" includes a lessening of a 
shadow, as well as the complete elimination of a shadow. ) 

( 1 ) Display all shadow changes 

(2) Display only increases in shadows 

(3) Display only disappearances of shadows 

[0054] A user interface is used for selection of the 
display mode, so that the user can exclusively select one of 
the three modes on a screen capable of interactive input. 
[0055] Fig. 4 is a diagram illustrating an example of a 
monitor screen displayed on the display unit 5 upon the user 
making a selection from the display mode selecting unit 7 . 
In this example, the difference image is displayed on a 
monitor equivalent to the display unit 5, and the display 
mode can be selected on the same screen where the difference 
image is displayed. Or, the display mode may be selected on 
a separate monitor from that where the difference image is , 
with switches or the like provided separately from the 



screen shown in Fig. 4. 

[0056] With the example shown in Fig. 4, three buttons 
denoted by reference numerals 41 through 43 are displayed on 
the screen, and only one of these can be selected. Thus, 
whether to display all shadows, or to display only one of 
the increasing or only the disappeared shadows, is selected, 
and the results of this selection are output to the gradient 
conversion unit 4. The arrow shown in the screen in Fig. 4 
is the mouse cursor. 
[Step S600] 

[0057] The gradient conversion unit 4 converts the 
difference image stored in the memory unit 3 based on the 
display mode input from the display mode selecting unit 7, 
and outputs the converted image to the display unit 5. The 
following is a description of each of the conversion methods 
corresponding to the display modes . 

[0058] Figs. 5A through 5C illustrate an example of the 
relation between the input luminance and the output 
luminance, i.e., the gradient conversion properties, for 
each of the display modes . 

[0059] In the event that the mode is the mode for 
displaying all shadow changes, the gradient conversion unit 
4 converts the difference image based on the relation shown 
in Fig. 5A, and outputs the converted image. In the event 
that the mode is the mode for displaying only increases in 
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the shadows, the gradient conversion unit 4 converts the 
difference image based on the relation shown in Fig. 5B, and 
outputs the converted image. In the event that the mode is 
the mode for displaying only disappearances in the shadows , 
5 the gradient conversion unit 4 converts the difference image 

based on the relation shown in Fig. 5C, and outputs the 
converted image . 

[0060] In the drawings, Smin and Smax indicate the 
minimum and maximum values in the input , i.e., in the 

10 difference image. In the same say, Dmin and Dmax indicate 

the minimum and maximum values in the output , i.e., the 
output image to be displayed. Cd represents the 
intermediate value of the luminance level in the output 
image, and this corresponds to the reference level Cs in the 

15 difference image as described above. 

[0061] Accordingly, upon the gradient conversion being 
performed, in the event that the mode is for displaying all 
shadow changes, the difference image is simply linearly 
mapped within the luminance range of the output image. In 

20 the event that the mode is for displaying only increases in 

the shadows, all luminance levels greater than the reference 
level Cs are mapped to the intermediate value Cd. In the 
event that the mode is for displaying only disappearances in 
the shadows, all luminance levels smaller than the reference 

25 level Cs are mapped to the intermediate value Cd. 



[0062] Now, the intermediate value Cd corresponds to the 
luminance level of portions wherein there was no change in 
the original difference image, so only the changes in 
shadows where there are increases are observed with the mode 
for displaying increases, and only the changes in shadows 
where there are disappearances are observed with the mode 
for displaying disappearances . 
[Step S700] 

[0063] The display unit 5 inputs and displays the 
difference image subjected to gradient conversion at the 
gradient conversion unit 4 as described above. As for the 
display format, one or the other of the past and current 
images, and the difference image subjected to gradient 
conversion may be displayed side-by- side as shown in Fig. 4 
for example, or all three of these images may be displayed 
side-by- side . Note that the display format is not 
restricted to either of these examples, and that various 
formats can be used. 

[0064] Figs. 6A through 6C are diagrams illustrating 
examples of actual images displayed on the display unit 5, 
Fig. 6A, 6B, and 6C corresponding to the mode for displaying 
all shadow changes, the mode for displaying only increases 
in the shadows, and the mode for displaying only 
disappearances in the shadows, respectively. Performing 
gradient conversion as described above allows the changes in 
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shadows to be individually displayed and observed as shown 
in Figs. 6A through 6C. 

[0065] Thus, with the present embodiment, in the event of 
displaying only increases (disappearances) in the shadows, 
the difference image is processed and displayed such that 
the luminance of the regions wherein the shadows have 
disappeared (increased) is mapped to the intermediate value 
Cd corresponding to the reference level Cs , so only the 
regions wherein the shadows have increased (disappeared) are 
distinguished from other regions. Accordingly, even in the 
event that regions with increases in the shadows and regions 
with disappearances in the shadows exist together, with a 
great number of changes in shadows , each state of increase 
or disappearance can be separately displayed as an image. 
Accordingly, changes in the shadows can be readily observed, 
facilitating judgment in following developments of lesions 
and so forth. As a result, the physician who interprets the 
image can easily and accurately interpret the image without 
missing increases or disappearances in shadows, and further 
can easily and accurately grasp the overall change in the 
difference image. 

[0066] Now, with the present embodiment, in the event of 
displaying only increases (disappearances) in the shadows, 
the luminance of the regions wherein the shadows have 
disappeared (increased) is mapped to the intermediate value 
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Cd corresponding to the reference level Cs, and converted to 
the luminance of the state where there is no change in the 
shadows, but there is no need always to convert 
disappearances (increases) in the shadows to the luminance 
5 of the state where there is no change in the shadows, as 

long as only the regions wherein the shadows have 
disappeared (increased) are distinguished from other regions. 
For example, the contrast of the disappearances (increases) 
in the shadows may be relatively reduced. 

10 Second Embodiment 

[0067] Next, the second embodiment of the present 
invention will be described. With the present embodiment, 
the extent of increase and/or disappearance of shadows is 
displayed by analyzing portions where there is change in 

15 shadows, following the gradient conversion described in the 

first embodiment. Thus, with the present embodiment, only 
the processing following gradient conversion differs from 
that of the first embodiment, so portions which are the same 
as the first embodiment will be denoted with the same 

20 reference numerals as those in Figs. 1 through 6C, and 

detailed description thereof will be omitted. 
[0068] Fig. 7 illustrates an example of a basic 
configuration of an image processing apparatus to which the 
present embodiment is applied. In the drawing, the image 

25 processing apparatus is the same as that according to the 
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first embodiment shown in Fig. 1 other than an analysis unit 
8 being added. The output image generated by the gradient 
conversion unit 4 is input to the display unit 5 and to the 
analysis unit 8. 

5 [0069] An example of the detailed actions of the members 

of the image processing device according to the present 
embodiment, i.e., the image processing method, will be 
described based on the flowchart shown in Fig. 8. However, 
all of the steps in Fig. 8 are the same as those in the 
10 first embodiment (shown in Fig. 2) except for step S800, so 

description of all steps other than step S800 will be 
omitted here. 
[Step S800] 

[0070] The difference image subjected to gradient 
15 conversion at the gradient conversion unit 4, i.e., the 

output image, is binarized by the analysis unit 8, where 
analysis is performed separately for the mode for displaying 
only increases in the shadows and the mode for displaying 
only disappearances in the shadows. More specifically, 
20 characteristics such as the number of regions representing 

change, area, and so forth, are calculated separately for 
each display mode. 

[0071] Next, the detailed operations of the analysis unit 
8 will be described with reference to the flowchart shown in 
25 Fig. 9. 



L 
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[Step S801] 

[0072] The analysis unit 8 inputs the current display 
mode from the display mode selecting unit 7, and in the 
event that the display mode is the mode for displaying all 
5 shadow changes, the processing ends. In this case, the 

output from the analysis unit 8 is invalid, but the fact 
that the output from the analysis unit 8 is invalid can be 
recognized by the following display unit 5 by appropriating 
a special value. Or, an arrangement may be made wherein the 

10 display unit 5 recognizes the display mode, and in the event 

that the display unit 5 recognizes the display mode to be 
the mode for displaying all shadow changes, the input from 
the analysis unit 8 is invalidated (ignored). 
[Steps S802 and S803] 

15 [0073] Further, in the event that the current mode is the 

mode for. displaying only increases in the shadows , the 
gradient of the difference image following gradient 
conversion is inverted, and the flow proceeds to the next 
step. Thus, the portions where change in shadows has 

20 occurred in the later-described binarization processing can 

be uniformly assigned white pixels. 
[Step S804] 

[0074] The analysis unit 8 sets a threshold value for 
binarization regarding the post -gradient -conversion 
25 difference image that has been input. Known techniques can 
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be used for setting the threshold, such as the P- tile method. 
The settings for area ratio in the P-tile method should be 
set beforehand, according to sensitivity to change in 
shadows . 
5 [Step S805] 

[00751 The analysis unit 8 binarizes the post- gradient - 
conversion difference image and generates a binary image, 
based on the threshold value set in step S804. Accordingly, 
a binary image can be obtained wherein portions having 
10 change in the shadows (increase or disappearance) are 

assigned 1 (white), and other portions are assigned 0 
(black). 
[Step S806] 

[0076] The binary image generated in step S805 is 
15 subjected to labeling, so as to perform region separation of 

independent shadow changes , and the number of the separated 
regions is counted. 
[Step S807] 

[0077] The areas of each the regions separated by the 
20 labeling performed in step S806 are calculated, and the sum 

thereof is calculated. 
[Step S808] 

[0078] The number of regions obtained in steps S806 and 
S807, and the sum of the area of each, are output. 
25 [0079] Fig. 10 is a diagram illustrating an example of a 



- 23 - 



monitor screen displayed on the display unit 5 according to 
the processing described above according to the present 
embodiment . 

[0080] In this example, the number and area of regions 
5 with change in the shadows in the selected display mode are 
displayed within a display area 1002 below a difference 
image display area (an area wherein the difference image 
subjected to gradient conversion is displayed) 1001. Thus, 
how much change is occurring at each shadow change region 

10 can be quantitatively understood. 

[0081] As described above, with the present embodiment, 
the number and area of regions with change in shadows are 
calculated and displayed, so in addition to the advantages 
of the first embodiment, the interpreter can quantitatively 

15 understand the state of change, and can grasp the change in 

the overall difference image in an easy and sure manner. 
[0082] While the above description has the area of each 
of the regions divided by the labeling to be totaled and 
displayed, the area for each region may be calculated and 

20 separately listed in the display area 1002. 

Third Embodiment 

[0083] Next, the third embodiment of the present 
invention will be described. With the present embodiment, 
only the gradient conversion processing differs from that of 
25 the first and second embodiments, so portions which are the 
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same as the first embodiment will be denoted with the same 
reference numerals as those in Figs. 1 through 10, and 
detailed description thereof will be omitted. 
[0084] While gradient conversion was made with the 
5 gradient conversion unit 4 in the first embodiment such that 

the relation of output luminance values as to the input 
luminance values (see Fig. 5) is linear, the gradient 
conversion does not need to be limited to this method. An 
example of gradient conversion properties according to the 
10 present embodiment is illustrated in Figs. 11A and 11B. 

[0085] Fig. 11A illustrates the properties in the case 
that the display mode is for displaying only increases in 
the shadows. As indicated by the property 1101a, the 
gradient of input at the reference level Cs or lower is non- 
15 linearly converted, while the gradient of input exceeding 
the reference level Cs is converted to the intermediate 
value Cd. Thus, output is suppressed for regions with 
little value change in shadows, so noise due to shifting of 
position and so forth can be suppressed. This allows the 
20 change in shadows to be viewed more readily. 

[0086] Also, Fig. 11B illustrates the properties in the 
case that the display mode is for displaying only 
disappearances in the shadows . As indicated by the property 
1102a, the gradient of input at the reference level Cs or 
25 higher is non-linearly converted, while the gradient of 
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input below the reference level Cs is converted to the 
intermediate value Cd. Thus, output is suppressed for 
regions with little value change in shadows in the same was 
as above, allowing the change in shadows to be viewed more 
5 readily. 

[0087] Further, gradient conversion may be performed as 
indicated by the properties 1101b and 1102b (the dotted 
lines in Figs. 11A and 11B). This allows the existence of 
regions from which a shadow has disappeared to be recognized 
10 at a low contrast in the event that the display mode is the 

mode for displaying the increased shadows, so the relation 
between the increase and disappearance can be readily 
understood at the same time. 

[0088] While the first through third embodiments have one 
15 mode selected from the three display modes and one 

difference image subjected to gradient conversion, i.e., one 
output image, is displayed, as shown in Fig. 4, but in the 
event that the display region of the display unit 5 is 
sufficiently large, a display format may be provided for 
20 selection to allow the mode for displaying all changes in 

shadows and the other two modes to all be displayed. 
[0089] Also, a user interface may be provided which would 
allow the user to change the gradient conversion properties 
described in the third embodiment. That is to say, the user 
25 may select a desired property from those shown in Figs. 5A 
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through 5C and 11A and 11B # so that the difference image 
will be subjected to gradient conversion according to the 
property selected by the user. 
Fourth Embodiment 
5 [0090] In Fig. 12 , a medical image processing apparatus 

110 which is the fourth embodiment of the present invention 
is connected to medical image generating apparatuses 130 , 
140, and 150, and a medical data server 160, via a local 
area network (LAN) 100. The medical image generating 

10 apparatuses 130 and 140 are a CT scan apparatus and MR I 

apparatus for example, and the medical image generating 
apparatus 150 is an X-ray imaging apparatus, for example. 
[0091] The medical images generated at the medical image 
generating apparatuses 130, 140, and 150 are directly sent 

15 to the medical image processing apparatus 110, or 

temporarily stored in the medical data server 160 and then 
sent to the medical image processing apparatus 110. The 
medical images sent directly to the medical image processing 
apparatus 110 are stored in a storage medium of the medical 

20 image processing apparatus 110. 

[0092] The medical image processing apparatus 110 
comprises a medical image high-definition monitor 120, which 
can display high-definition medical images. Also, a medical 
image processing apparatus 180 comprising a less expensive 

25 personal computer monitor 170 may be used. 
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[0093] In Fig. 13, the medical image processing apparatus 
110 comprises a CPU 210, RAM 220, ROM 230, communication 
interface 240, and input means 260, connected to a bus 200, 
with output devices such as a medical high-definition 
5 monitor 120, a printer 250, and the like connected to the 

bus 200 via suitable interfaces. The input means include a 
keyboard, pointing device, and so forth. 

[0094] The CPU 210 controls the entire medical image 
processing apparatus 110 and the output devices, with 

10 control programs thereof being stored in the ROM 230. The 

communication interface 240 controls communication over the 
LAN 100, so that medical images and other data are exchanged 
between the medical image generating apparatuses 130, 140, 
and 150, and the medical data server 160. 

15 [0095] Fig. 14 is a block diagram describing the 

functional configuration of the medical image processing 
apparatus, Figs. 15A through 15C are graphs illustrating 
properties of look-up tables (LUT) used with the medical 
image processing apparatus in Fig. 14, and Figs. 16A and 16B 

20 are diagrams illustrating a combination of look-up tables 

used with the medical image processing apparatus in Fig. 14. 
[0096] In Fig. 14, a file of a pair of images, made up of 
a current image and a past image that have been taken of the 
same portion of a human body at different times, is input to 

25 an image input unit 1 from the medical data server 160 via 
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the local area network 100. Now, the image files are made 
up of radiogram data and tag information for keeping 
accessory information, including whether the image is a 
positive image or a negative image. 
5 [0097] Information indicating whether the image is a 

positive image or a negative image is defined by an 
attribute value of the medical image file standard DICOM 
format called "Photometric Interpretation", wherein an 
attribute value of "MONOCHROME I" indicates a negative image 

10 and "MONOCHROME II" indicates a positive image. 

[0098] The image input unit 1 outputs image data to a 
difference processing unit 2, and extracts the information 
indicating whether the past image and current image output 
to the difference processing unit 2 are negative images or 

15 positive images, and inputs a determination signal SO to a 

control unit 10. 

[0099] On the other hand, correlation of the shadow on 
the difference image and the diagnostic judgment reference 
is input from a shadow definition input unit 11, from 

20 unshown external input, such as from an external storage 

device of a computer for example, or directly from the user. 
Definition of the shadow stipulates whether the parts of the 
affected portion increasing or decreasing are to correspond 
to high concentration (high luminance level) or low 

25 concentration (low luminance level) on the difference image. 
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[0100] Fig. 17 is a diagram illustrating an example of 
shadow definition, wherein Type A is defined as a region 
where increase of the shadow on the difference image is a 
low-concentration (black) area and reduction of the shadow 
on the difference image is a high- concentration (white) area, 
while Type B is defined as a region where increase of the 
shadow on the difference image is a high-concentration 
(white) area and reduction of the shadow on the difference 
image is a low- concentration (black) area. Now, low 
concentration or high concentration indicates whether a 
value is high or low as to a reference of the luminance 
level of portions with no change on the difference image. 
[0101] The difference processing unit 2 has look-up 
tables LUT1 and LUT2 regarding the past and current images 
input from the image input unit 1, and necessary conversion 
processing is made at these look-up tables LUT1 and LUT2 . 
The output of the look-up tables LUT1 and LUT2 is input to a 
level correction unit 203, the concentration of one image is 
shifted so that the center of the histogram of one of the 
images, past or current, matches the center of the histogram 
of the other image. Positioning images which have been 
subjected to level correction can improve positioning 
precision. 

[0102] The output of the level correction unit 203 is 
input to a positioning unit 20, and subjected to coordinates 
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conversion so that the coordinates of corresponding pixels 
match. The following steps shown in the flowchart in Fig. 
18 are executed at the positioning unit 20 for the current 
and past images, so that anatomically corresponding points 
5 match. 

[Step S201] 

[0103] The position of the subject is detected in the 
current and past images, and the flow proceeds to step S202. 
[Step S202] 

10 [0104] Multiple regions of interest ROI are set at 

generally- corresponding positions of the current and past 
images, and the flow proceeds to step S203. 
[Step S203] 

[0105] The current and past images are matched for each 
15 ROI. For matching, cross-correlation coefficients are 

calculated, for example, and the position with the highest 
match is obtained as a shift vector. 
[Step S204] 

[0106] The shift vector obtained in step S203 is two- 
20 dimensionally interpolated, and parameters for coordinates 

conversion for matching the corresponding coordinates of the 
images are calculated. 
[Step S205] 

[0107] Either the current or past image is subjected to 
25 coordinates conversion based on the parameters obtained in 
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4 



step S204. 
[Step S206] 

[0108] The image subjected to coordinates conversion and 
the image not subjected to coordinates conversion are output. 
5 [0109] Next, the output from the positioning unit 20 

corresponding to the past image and the current image are 
each input to the look-up table LUT3 and the look-up table 
LUT4 , and necessary conversion is performed. The output 
from the look-up table LUT3 and the look-up table LUT4 is 
10 input to an adding unit 202, where addition for yielding the 

difference is performed. 

[0110] The look-up tables LUT1 through LUT4 are connected 
to the control unit 10, and the image input unit 1 and the 
shadow definition input unit 11 are connected to the control 

15 unit 10. A determination signal SO indicating whether the 

past and current images are negative images or positive 
images are input to the control unit 10 from the image input 
unit 1, and information indicating whether the determination 
method is Type A or Type B is input from the shadow 

20 definition input unit 11. 

[0111] The look-up table LUT1 and the look-up table LUT2 
unify both images to either negative or positive, and the 
look-up table LUT3 and look-up table LUT4 subject one of the 
images to sign inversion so that difference is performed by 

25 addition at the adding unit 202. The adding unit 202 
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generates a difference images, which is input to the image 
output unit 5 . 

[0112] Three types of properties can be freely selected 
for the look-up tables LUT1 through LUT4 , as shown in Figs. 
5 15A through 15C. Fig. ISA shows a non-conversion look-up 

table (Type I) wherein the input is output without 
conversion. Fig. 15B shows a gradient inversion 
(negative/positive inversion) look-up table (Type II), and 
Fig. 15C shows a sign inversion look-up table (Type III). 

10 [0113] In Table A shown in Fig. 16A, in the event that 

the determination method is set to Type A and the past image 
is a negative image and the current image is a positive 
image. Type I, Type II, Type I, and Type III, are set to the 
look-up table LUT1, look-up table LUT2 , look-up table LUT3, 

15 and look-up table LUT4, respectively. 

[0114] The manner in which the past and current image 
data changes will be described with reference to Fig. 19. 
First, as shown in tier (a) in Fig. 19, a lesion shadow 
which did not exist in the past image which is a negative 

20 image, exists in the current image which is a positive image 

in this example. In the event that the determination method 
is Type A, Type II is set to the look-up table LUT2, so the 
current image is subjected to gradient inversion, and 
average value correction is performed, so as to arrive at 

25 the state shown in the tier (b) in Fig. 19. 
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[0115] In the event that addition is to be performed 
following positioning, sign inversion is performed on the 
current image in the look-up table LUT4, whereby the data 
profile of the current image arrives at the state shown in 
the tier (c) in Fig. 19, so difference is calculated from 
addition . 

[0116] That is, the current image which has been 
subjected to gradient inversion from a positive image to a 
negative image is subtracted from the past image which is a 
negative image, so in the event that the shadow has 
increased, this appears as a low-concentration (black) 
region on the difference image, and in the event that the 
shadow has decreased, this appears as a high- concentration 
(white) region on the difference image. 

[0117] In the event that the determination method is set 
to Type A, and the past image and current image are negative 
images. Type I, Type I, Type I, and Type III, are set to the 
look-up table LUT1, look-up table LUT2, look-up table LUT3, 
and look-up table LUT4, respectively. Accordingly, neither 
the current image or the past image is subjected to gradient 
inversion at the look-up table LUT1 and look-up table LUT2 , 
and sign inversion of image signals is performed for the 
current image at the look-up table LUT3 and the look-up 
table LUT4, so the negative current image is essentially 
subtracted from the negative past image at the adding unit 
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202, whereby in the event that the shadow has increased, 
this appears as a low- concentration (black) region on the 
difference image, and in the event that the shadow has 
decreased, this appears as a high-concentration (white) 
5 region on the difference image. 

[0118] In the event that the determination method is set 
to Type A, and the past image is a positive image and the 
current image is a negative image. Type II, Type I, Type I, 
and Type III, are set to the look-up table LUT1, look-up 

10 table LUT2, look-up table LUT3, and look-up table LUT4 , 

respectively. Accordingly, following the past image being 
subjected to gradient inversion from a positive image to a 
negative image, the current image is subtracted. 
Accordingly, in the event that the shadow has increased, 

15 this appears as a low- concentration (black) region on the 

difference image, and in the event that the shadow has 
decreased, this appears as a high-concentration (white) 
region on the difference image. 

[0119] In the event that the determination method is set 
20 to Type A, and the past image and current image are positive 

images. Type I, Type I, Type III, and Type I, are set to the 
look-up table LUT1 , look-up table LUT2 , look-up table LUT3, 
and look-up table LUT4 , respectively. Accordingly, the past 
image which is a positive image is subtracted from the 
25 current image which is a positive image, so in the event 



that the shadow has increased, this appears as a low- 
concentration (black) region on the difference image, and in 
the event that the shadow has decreased, this appears as a 
high-concentration (white) region on the difference image. 
[0120] In the event that both the past image and current 
image are negative images, subtracting the current image 
from the past image forms a difference image, and in the 
event that both the past image and current image are 
positive images, subtracting the past image from the current 
image forms a difference image, so in either case, in the 
event that the shadow has increased, this appears as a low- 
concentration (black) region on the difference image, and in 
the event that the shadow has decreased, this appears as a 
high-concentration (white) region on the difference image. 
[0121] In the event that the determination method is set 
to Type B, and the past image and current image are negative 
images. Type I, Type I, Type III, and Type I, are set to the 
look-up table LUT1, look-up table LUT2, look-up table LUT3 , 
and look-up table LUT4, respectively, in Table B of Fig. 16B. 
Accordingly, the negative past image is subtracted from the 
negative current image, whereby in the event that the shadow 
has increased, this appears as a high- concentration (white) 
region on the difference image, and in the event that the 
shadow has decreased, this appears as a low-concentration 
(black) region on the difference image. 
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[0122] In the event that the determination method is set 
to Type B, and the past image is a positive image and the 
current image is a negative image. Type I, Type II # Type I, 
and Type III, are set to the look-up table LUT1, look-up 
5 table LUT2, look-up table LUT3 , and look-up table LUT4 , 

respectively. Accordingly, the current image is subjected 
to gradient inversion from a negative image to a positive 
image which is subtracted from the positive past image, so 
in the event that the shadow has increased, this appears as 
10 a high-concentration (white) region on the difference image, 

and in the event that the shadow has decreased, this appears 
as a low-concentration (black) region on the difference 
image . 

[0123] In the event that the determination method is set 
15 to Type B, and the past image is a negative image and the 

current image is a positive image. Type II, Type I, Type I, 
and Type III, are set to the look-up table LUT1, look-up 
table LUT2, look-up table LUT3 , and look-up table LUT4, 
respectively. Accordingly, the past image is subjected to 
20 gradient inversion from a negative image to a positive image, 

from which the current image is subtracted, so in the event 
that the shadow has increased, this appears as a high- 
concentration (white) region on the difference image, and in 
the event that the shadow has decreased, this appears as a 
25 low-concentration (black) region on the difference image. 
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[0124] In the event that the determination method is set 
to Type B, and the past image and current image are positive 
images. Type I, Type I, Type I, and Type III, are set to the 
look-up table LUT1, look-up table LUT2 , look-up table LUT3 , 
and look-up table LUT4 , respectively. Accordingly, the 
current image which is a positive image is subtracted from 
the past image which is a positive image, so in the event 
that the shadow has increased, this appears as a high- 
concentration (white) region on the difference image, and in 
the event that the shadow has decreased, this appears as a 
low-concentration (black) region on the difference image. 
In the event that both the past image and current image are 
negative images, subtracting the past image from the current 
image forms a difference image, and in the event that both 
the past image and current image are positive images, 
subtracting the current image from the past image forms a 
difference image, so in either case, in the event that the 
shadow has increased, this appears as a high- concentration 
(white) region on the difference image, and in the event 
that the shadow has decreased, this appears as a low- 
concentration (black) region on the difference image. 
[0125] As described above, according to the present 
invention, increase and reduction of shadows can be 
expressed with a single predetermined format, regardless of 
the combination of attributes of the current and the past 
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images . 

Fifth Embodiment 

[0126] With a display device capable of displaying DICOM 
format images, image data wherein the value of "Photometric 
Interpretation" is "MONOCHROME I" is displayed with the 
gradient inverted, and image data wherein the value of 
"Photometric Interpretation" is "MONOCHROME II" is displayed 
without the gradient inverted. 

[0127] With the medical image processing apparatus 
described in the fourth embodiment, the order of subtraction 
was changed by changing the image to which image signal sign 
inversion is performed in the event that both the past image 
and the current image have the same image properties , but 
with the present embodiment , the order of subtraction is 
fixed, and the same results are obtained by changing the 
value of Photometric Interpretation provided with regard to 
the difference image. 

[0128] Fig. 20 is a block diagram describing the 
functional configuration of a medical image processing 
apparatus according to a fifth embodiment of the present 
invention. The configuration of the medical image 
processing apparatus is the same as that shown in Figs. 12 
and 13, so description of the configuration as such will be 
omitted. In Fig. 18, the parts which are the same as with 
the fourth embodiment will be denoted with the same 
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reference numerals, and description thereof will be omitted. 
The look-up table LUT3 and the look-up table LUT4 contained 
in the difference processing unit 2 are not changed in 
property by the control unit 10, i.e., these are set so as 
to be unchanged. 

[0129] The tag generating unit 9 generates accessory 
information to be attached to the difference image data 
output from the difference processing unit 2. This 
accessory information includes tag information indicating 
whether the difference image output from the difference 
processing unit 2 is a negative image or a positive image. 
The tag generating unit 9 generates the accessory 
information to be attached to the difference image data 
output from the difference processing unit 2 based on the 
combination of the accessory information of the past image 
data and the accessory information of the current image data 
input from the image input unit 1, and the shadow definition 
input to the shadow definition input unit 11. Accordingly, 
the difference image to be output from the difference 
processing unit 2 is output to the image output unit 5 as an 
image file to which accessory information generated by the 
tag generating unit 9 has been attached. 

[0130] Now, the fifth embodiment will be described with 
an example wherein the look-up table LUT3 is fixed to Type I 
and the look-up table LUT4 is fixed to Type III. 
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[0131] In the event that the determination method is set 
to Type A, and the past image and current image are negative 
images, the look-up table LUT1 is set to Type I and the 
look-up table LUT2 is set to Type I by the control unit 10. 
Accordingly, neither the current image nor the past image is 
subjected to gradient inversion at the look-up table LUT1 
and look-up table LUT2 . Sign inversion of image signals is 
performed for the current image at the look-up table LUT3 
which is fixed to Type I and the look-up table LUT4 which is 
fixed to Type III, so the negative current image is 
essentially subtracted from the negative past image at the 
adding unit 202. The control unit 10 controls the tag 
generating unit 9 so as to provide "MONOCHROME II" to the 
value of Photometric Interpretation for this difference 
image. Accordingly, when displaying this difference image 
on a display device capable of displaying DICOM images, in 
the event that the shadow has increased, this appears as a 
low-concentration (black) region on the difference image, 
and in the event that the shadow has decreased, this appears 
as a high-concentration (white) region on the difference 
image . 

[0132] In the event that the determination method is set 
to Type A, and the past image is a negative image and the 
current image is a positive image, the look-up table LUT1 
and the look-up table LUT2 are set to Type I and Type II, 



respectively. Type II is set to the look-up table LUT2, so 
the current image is subjected to gradient inversion. Sign 
inversion of image signals is performed for the current 
image at the look-up table LUT3 which is fixed to Type I and 
the look-up table LUT4 which is fixed to Type III # so the 
negative current image is essentially subtracted from the 
negative past image at the adding unit 202. The control 
unit 10 controls the tag generating unit 9 so as to provide 
"MONOCHROME II" to the value of Photometric Interpretation 
for this difference image. Accordingly, when displaying 
this difference image on a display device capable of 
displaying DICOM images, in the event that the shadow has 
increased, this appears as a low-concentration (black) 
region on the difference image, and in the event that the 
shadow has decreased, this appears as a high-concentration 
(white) region on the difference image. 

[0133] In the event that the determination method is set 
to Type A, and the past image is a positive image and the 
current image is negative positive image, the look-up table 
LUT1 and the look-up table LUT2 are set to Type II and Type 
I, respectively. Type II is set to the look-up table LUT1, 
so the past image is subjected to gradient inversion. Sign 
inversion of image signals is performed for the current 
image at the look-up table LUT3 which is fixed to Type I and 
the look-up table LUT4 which is fixed to Type III, so the 
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negative current image is essentially subtracted from the 
negative past image at the adding unit 202 . The control 
unit 10 controls the tag generating unit 9 so as to provide 
"MONOCHROME II" to the value of Photometric Interpretation 
5 for this difference image. Accordingly, when displaying 

this difference image on a display device capable of 
displaying DICOM images, in the event that the shadow has 
increased, this appears as a low- concentration (black) 
region on the difference image, and in the event that the 

10 shadow has decreased, this appears as a high- concentration 

(white) region on the difference image. 
[0134] On the other hand, in the event that the 
determination method is set to Type B, and the past image is 
a positive image and the current image is a negative image, 

15 the look-up table LUT1 and the look-up table LUT2 are set to 

Type I and Type II, respectively. Type II is set to the 
look-up table LUT2, so the current image is subjected to 
gradient inversion. Sign inversion of image signals is 
performed for the current image at the look-up table LUT3 

20 which is fixed to Type I and the look-up table LUT4 which is 

fixed to Type III, so the positive current image is 
essentially subtracted from the positive past image at the 
adding unit 202. The control unit 10 controls the tag 
generating unit 9 so as to provide "MONOCHROME II" to the 

25 value of Photometric Interpretation for this difference 
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image. Accordingly, when displaying this difference image 
on a display device capable of displaying DICOM images, in 
the event that the shadow has increased, this appears as a 
high-concentration (white) region on the difference image, 
5 and in the event that the shadow has decreased, this appears 

as a low- concentration (black) region on the difference 
image . 

[0135] In the event that the determination method is set 
to Type B, and the past image is a negative image and the 

10 current image is positive image, the look-up table LUT1 and 

the look-up table LUT2 are set to Type II and Type I, 
respectively. Sign inversion of image signals is performed 
for the current image at the look-up table LUT3 which is 
fixed to Type I and the look-up table LUT4 which is fixed to 

15 Type III, so the positive current image is subtracted from 

the past image which has been subjected to gradient 
inversion from a negative image to a positive image. The 
control unit 10 controls the tag generating unit 9 so as to 
provide "MONOCHROME II" to the value of Photometric 

20 Interpretation for this difference image. Accordingly, when 

displaying this difference image on a display device capable 
of displaying DICOM images, in the event that the shadow has 
increased, this appears as a high- concentration (white) 
region on the difference image, and in the event that the 

25 shadow has decreased, this appears as a low- concentration 
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(black) region on the difference image. 
[0136] In the same way, in the event that the 
determination method is set to Type B, and the past image 
and the current image are positive images, the look-up table 
5 LUT1 and the look-up table LUT2 are both set to Type I. 

Sign inversion of image signals is performed for the current 
image at the look-up table LUT3 which is fixed to Type I and 
the look-up table LUT4 which is fixed to Type III, so the 
positive current image is subtracted from the positive past 

10 image. The control unit 10 controls the tag generating unit 

9 so as to provide "MONOCHROME II" to the value of 
Photometric Interpretation for this difference image. 
Accordingly, when displaying this difference image on a 
display device capable of displaying DICOM images, in the 

15 event that the shadow has increased, this appears as a high- 

concentration (white) region on the difference image, and in 
the event that the shadow has decreased, this appears as a 
low-concentration (black) region on the difference image. 
[0137] In the event that the determination method is set 

20 to Type A, and the past image and the current image are 

positive images, the look-up table LUT1 and the look-up 
table LUT2 are both set to Type I. Sign inversion of image 
signals is performed for the current image at the look-up 
table LUT3 which is fixed to Type I and the look-up table 

25 LUT4 which is fixed to Type III, so the positive current 
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image is essentially subtracted from the positive past image 
at the adding unit 202. The control unit 10 controls the 
tag generating unit 9 so as to provide "MONOCHROME I" to the 
value of Photometric Interpretation for this difference 
image . 

[0138] Providing "MONOCHROME I" to the value of 
Photometric Interpretation displays a difference image 
subjected to gradient inversion on a display device capable 
of displaying DICOM images. Accordingly, when displaying 
this difference image on a display device capable of 
displaying DICOM images, in the event that the shadow has 
increased, this appears as a low-concentration (black) 
region on the difference image, and in the event that the 
shadow has decreased, this appears as a high-concentration 
(white) region on the difference image. 

[0139] In the event that the determination method is set 
to Type B, and the past image and the current image are 
negative images, the look-up table LUT1 and the look-up 
table LUT2 are both set to Type I, so the negative current 
image is subtracted from the negative past image. The 
control unit 10 controls the tag generating unit 9 so as to 
provide "MONOCHROME I" to the value of Photometric 
Interpretation for this difference image. Accordingly, when 
displaying this difference image on a display device capable 
of displaying DICOM images, in the event that the shadow has 
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increased, this appears as a high- concentration (white) 
region on the difference image, and in the event that the 
shadow has decreased, this appears as a low- concentration 
(black) region on the difference image. 
5 [0140] With the present embodiment, a method has been 

described wherein the output of the positioning unit 201 is 
subjected to sign inversion at the fixed look-up tables LUT3 
and LUT4, and the conversion results are added at the adding 
unit 202, but the same results can be obtained by providing 
10 a subtracting unit 205 for subtracting the current image 

from the past image with regard to the output of the 
positioning unit 201, as shown in Fig. 21 which is a 
modification of the present embodiment . 

[0141] Thus, with the present embodiment, changing the 
15 value of the Photometric Interpretation of the DICOM format 

which is provided to difference images based on the shadow 
definition input from the shadow definition input unit 11 
and the positive/negative information of the past image and 
current image, with the order of subtraction fixed, allows 
20 the meaning of shadows to be unified for difference images 

of mixed positive images and negative images . 
Other Embodiments 

[0142] It is to be understood that the object of the 
present invention can also be achieved by supplying a 
25 storage medium storing program code of software for 
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Implementing the functions of the apparatus or system 
according to the first through fifth embodiments to an 
apparatus or system so that a computer (CPU, MPU, etc.) of 
the apparatus or system reads and executes the program code 
5 stored in the storage medium. 

[0143] In that case, the program code itself, read from 
the storage medium, achieves the functions of the first or 
second embodiment, and thus the storage medium storing the 
program code and the program code itself constitute the 

10 present invention. 

[0144] The storage medium for providing the program code 
may be, for example, a ROM, a floppy (registered trademark) 
disk, a hard disk, an optical disk, a magneto-optical disk, 
a CD-ROM, a CD-R, a magnetic tape, a non- volatile memory 

15 card, etc. 

[0145] Furthermore, not only by the computer reading and 
executing the program code, but also by the computer 
executing part of or the entire process utilizing an OS, etc. 
running on the computer based on instructions of the program 

20 code, the functions of the first or second embodiment may be 

achieved. The latter is also one of embodiments of the 
present invention. 

[0146] Furthermore, the program code read from the 
storage medium may be written to a memory of a function 
25 extension board inserted in the computer or a function 
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extension unit connected to the computer. The functions of 
the first or second embodiment may be realized by executing 
part of or the entire process by a CPU, etc. of the function 
extension board or the function extension unit based on 
5 instructions of the program code. This is also one of 

embodiments of the present invention. 

[0147] The present invention is also applied to a program 
or a storage medium storing the program. 

[0148] It is to be understood that the present invention 
10 may also be applied to a system including a plurality of 

apparatuses (e.g., radiation generating apparatuses, 
radiographic apparatuses, image processing apparatuses, and 
interface apparatuses, etc.) and to a single apparatus in 
which functions of these apparatuses are integrated. When 
15 the present invention is applied to a system including a 

plurality of apparatuses, the apparatuses communicate with 
one another via, for example, electrical, optical, and/or 
mechanical means, and/or the like. 

[0149] Furthermore, the present invention may also be 
20 applied to an image diagnosis aiding system including a 

network (LAN and/or WAN, etc.). 

[0150] While the present invention has been described 
with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
25 invention is not limited to the disclosed embodiments. On 
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the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims . The scope of 
the following claims is to be accorded the broadest 
5 interpretation so as to encompass all such modifications and 

equivalent structures and functions. 



